SUMMARY Leucine and methionine enkephalins were measured by biological assay in normal colon, adenocarcinoma of the colon, carcinoma of the caecum, and in normal and inflamed appendix. Methionine enkephalin levels in both the adenocarcinomas and inflamed appendices were significantly higher than in normal controls. No significant change occurred in leucine enkephalin levels. The caecal tumours were anaplastic and contained no demonstrable opioid activity.
SUMMARY Leucine and methionine enkephalins were measured by biological assay in normal colon, adenocarcinoma of the colon, carcinoma of the caecum, and in normal and inflamed appendix. Methionine enkephalin levels in both the adenocarcinomas and inflamed appendices were significantly higher than in normal controls. No significant change occurred in leucine enkephalin levels. The caecal tumours were anaplastic and contained no demonstrable opioid activity.
The discovery of endogenous substances with morphine-like activity followed the identification and characterisation of specific opiate receptors (Goldstein et al., 1971; Pert and Snyder, 1973; Simon et al., 1973; Terenius, 1973) , and the development of good in vitro bioassay methods (Kosterlitz and Waterfield, 1975.) The pentapeptides, leucine and methionine enkephalin, which exhibit opioid activity, were isolated initially from pig and cow brain and, subsequently, from peripheral tissues including the gastrointestinal tract (Hughes et al., 1977) . They were postulated to function as neurotransmitters at morphine sensitive synapses , and immuno-histochemical studies suggested the presence of 'enkephalinergic' neurones in the myenteric plexus of the gut (Elde et al., 1975) , while an immunocytochemical determination of a methionine enkephalin-like peptide in human gut was reported by Polak et al., (1977) .
The object of this study was to confirm the presence of enkephalins in human gut tissues, using a biological assay, and to ascertain possible differences in enkephalin levels between normal and diseased bowel.
Methods
Normal and neoplastic colon and normal and inflamed appendix were obtained at operation from patients who had received no narcotic analgesic premedication. Each specimen was immediately bisected and one part was sent for histological examination, the other was immediately frozen in solid carbon dioxide.
Received for publication 16 May 1979 All 12 diseased appendices were acutely inflamed and non-perforated. The seven control appendices were free of any inflammatory tissue. The three caecal tumours were very anaplastic and undifferentiated. The other 10 tumours were adenocarcinomas and were from the rectum, sigmoid, or descending colon. They were classified as Dukes stage B or C (Dukes, 1940) . Normal colon was taken from the disease-free proximal end of five colectomy specimens, resected because of adenocarcinoma. Separation of tissue layers within the tumour mass proved impossible and the enkephalin extraction was performed on the whole remaining sample. All specimens were treated similarly and any mesenteric fat was removed.
EXTRACTION
The extraction method of Hughes et al. (1977) was used. The tissues were minced with scissors, and homogenised in ice-cold 0.1M HCI (5ml/g tissue).
The homogenate was centrifuged at 4°C for 30 minutes at 10 OOOg and the supernatant was chromatographically separated, by passing through an Amberlite XAD 2 column (10 x 1.0 cm) at a flow rate of 1.0 ml/min. The column was then washed with 30 ml 1.0 M HCI followed by 80 ml distilled water (2.0 ml/min) and the enkephalins were eluted with 40 ml of 90 % (v/v) methanol.
The eluate was dried under reduced pressure at 40°C and stored at -16°C. The dried extracts were redissolved in 301dl methanol containing 1.0Lg ascorbic acid and spotted (15R1L/spot) on silica gel thin layer chromatography plates. The plates were developed with a mixture of ethyl acetate:pyridine: water:acetic acid (50:22:13:6). Control plates, spotted with commercial enkephalins were run in parallel and the peptides were located with ninhydrin spray. Corresponding areas on the experimental plates were removed, retained in a cotton wool plug, eluted with 0.5ml saline, and directly assayed for opioid activity. (1977) found that over 95% of the opioid activity in guinea-pig brains and ilea had separation characteristics similar to enkephalins. The relative amounts of leucine and methionine enkephalins in human gut are similar to those reported in the intestines of experimental animals. Enkephalins were demonstrated in the myenteric plexus of the gut (Elde et al., 1976 ) and shown to inhibit myenteric neurone firing (North and Williams, 1976) , thereby slowing gut motility.
The undifferentiated carcinomas of the caecum did not contain any measurable amounts of enkephalins. This finding is consistent with the high degree of dedifferentiation of these three tumour specimens. Mild diarrhoea rather than constipation is the most common bowel symptom in these carcinomas (Goligher, 1967) .
All of the left-sided colonic carcinomas had recognisable invasion of the submucosa and muscularis coat resulting in disruption of the myenteric plexus. As a consequence, motility disturbances would be expected and altered bowel habit, often manifested as increasing constipation, is a frequent accompaniment of carcinomas of the descending and sigmoid colon and of the rectum (Goligher, 1967) .
The intraluminal pressure in the appendix increases in acute inflammation (Ackerman, 1968) leading to distension of the visceral walls. Prolonged distension of guinea-pig ileum segments in vitro resulted in inhibition of peristalsis and the bath solution surrounding these preparations inhibited peristalsis in non-distended control segments. Both of these effects were reversed by naloxone (Van Nueten et al., 1976) . A similar naloxone-reversed inhibition of ileal motility was produced by methionine enkephalin (Van Nueten et al., 1977) . A recent history of constipation is common in nonperforated acute appendicitis (Allen, 1965) reflect a local opioid effect after tissue distension. The increased enkephalin levels found in both the malignant and inflamed gut tissues studied suggest a possible local role for enkephalins in the pathophysiology of the associated motility disturbances.
appendicitis. malignancy and in acute
Enkephalins in large bowel 
